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&XUUHQWO\$O6L0JFORVHO\UHODWHGWRWKHDOXPLQXPFDVWLQJJUDGH$LVWKHPRVWSRSXODUDOOR\IRUVHOHFWLYH
ODVHUPHOWLQJ6/0'XUELQQRWHVWKDWWKHDOXPLQXPVLOLFRQV\VWHPH[KLELWVKLJKIOXLGLW\DQGORZVKULQNDJH
OHDGLQJ WR LWV XVH LQ FDVWLQJ EUD]LQJ DQG ZHOGLQJ DSSOLFDWLRQV :KHQ SUHVHQW LQ VLJQLILFDQW TXDQWLWLHV DV LQ
$O6L0J VLOLFRQ GHFUHDVHV WKH PHOWLQJ UDQJH RI WKH RI WKH DOOR\ DQG LQFUHDVHV KRW WHDULQJ UHVLVWDQFH ZLWKRXW
LQWURGXFLQJ EULWWOHQHVV DV GLVFXVVHG E\'DYLV HW DO  %\ GHFUHDVLQJ WKHPHOW UDQJH GHQGULWLF FRROLQJ DQG
VKULQNDJH LQ WKHPXVK\ ]RQH LV UHGXFHG SULRU WR IXOO VROLGLILFDWLRQ OHDGLQJ WR GHFUHDVHGYRLG JHQHUDWLRQ DQGKRW
WHDULQJ
+RZHYHUXQOLNH$O6L0J$$EHORQJVWRWKHZURXJKWFODVVRIDOXPLQXPDOOR\V/RZVLOLFRQFRQWHQWDQG
ODUJH VKULQNDJH LQKLELWPDQ\ RI WKH DGYDQWDJHRXV SURSHUWLHV DVVRFLDWHGZLWK WKH DOXPLQXP VLOLFRQ FDVWLQJ VHULHV
'DWDSURYLGHGE\$60$ODQG$OVKRZWKDWK\SRHXWHFWLF$$SRVVHVVHVDIUHH]LQJUDQJHRI
DSSUR[LPDWHO\ . YHUVHV  . IRU $ UHVXOWLQJ LQ LQFUHDVHG KRW WHDULQJ HVSHFLDOO\ GXULQJ WKH KLJKO\ QRQ
HTXLOLEULXP SURFHVVHV REVHUYHG GXULQJ 6/0 )XUWKHUPRUH WKH UDSLG IRUPDWLRQ RI DQ R[LGH OD\HU KLJK VROXELOLW\
OLPLW RI K\GURJHQ DQG KLJK WKHUPDO FRQGXFWLYLW\ DQG WKHUPDO H[SDQVLRQ FRHIILFLHQW RI DOXPLQXP SUHVHQW VHYHUDO
WHFKQLFDO FKDOOHQJHV ZKHQ SURFHVVLQJ WKHVH DOOR\V 7KXV PXFK RI WKH UHVHDUFK LQWR SURFHVVLQJ RIIHXWHFWLF
DOXPLQXP DOOR\V DQG LQ SDUWLFXODU $$ KDV VKRZQ XQDFFHSWDEOH OHYHOV RI FUDFNLQJ KLJKO\ DQLVRWURSLF
PLFURVWUXFWXUHVDQGSRURVLW\DVGLVFXVVHGE\%HQMDPLQHWDODQG/RXYLVHWDO$VVWDWHGE\%RXUHOO
HWDOLQWKH³5RDGPDSIRU$GGLWLYH0DQXIDFWXULQJ´WKHSULPDU\FKDOOHQJHIRUDGGLWLYHPDQXIDFWXULQJZLWK
UHJDUGV WRPDWHULDOV LVGHYHORSLQJFRQVLVWHQWTXDOLW\SDUWV LQDZLGHUYDULHW\RIPDWHULDOV7KHUHIRUH LW LVRIJUHDW
UHVHDUFK DQG LQGXVWULDO LQWHUHVW WR GHWHUPLQH QRYHO DSSURDFKHV WR SURFHVVLQJ RIIHXWHFWLF DOOR\V QRW VXLWDEOH WR
WUDGLWLRQDO$0DSSURDFKHV
7KH SULPDU\ IHHGVWRFN IRU ODVHU EDVHG DGGLWLYH PDQXIDFWXULQJ UHPDLQV SUHDOOR\HG SRZGHU RU ZLUH 2WKHUV
LQFOXGLQJ&OD\WRQ''*XHWDODQG6FKZHQGQHUHWDOKDYHUHVHDUFKHGWKHXVHRIHOHPHQWDO
SRZGHUPL[WXUHVLQERWKWUDGLWLRQDOSRZGHUPHWDOOXUJ\DQGLQDGGLWLYHPDQXIDFWXULQJ+RZHYHUWKHVHVWXGLHVKDYH
IRFXVHGRQUHGXFLQJSURFHVVLQJFRVWRUPDQXIDFWXULQJIXQFWLRQDOO\JUDGHGFRPSRQHQWV9RUDHWDOSUHVHQWHG
in situ DOOR\LQJRIQHDUHXWHFWLF$O6LDVDPHWKRG WR UHGXFH UHVLGXDO VWUHVV LQDQFKRUOHVV6/0E\XWLOL]LQJ WKH
PHOWLQJSRLQWGHSUHVVLRQRIHXWHFWLFDOOR\VWRIRUPD³VXSHUFRROLQJ´OLNHEHKDYLRU,QVSLWHRIWKLVUHVHDUFKKDVQRW
EHHQ GRQH IRFXVLQJ RQ XWLOL]LQJ HOHPHQWDO PL[WXUHV WR HDVH WKH SURFHVVLQJ RI GLIILFXOWWR$0SURFHVV PDWHULDOV
)XUWKHUPRUH VXFFHVV KDV EHHQ OLPLWHG LQ $0 SURFHVVLQJ DQG WUDGLWLRQDO SRZGHU PHWDOOXUJ\ RI K\SRHXWHFWLF
DOXPLQXPDOOR\VDVQRWHGE\''*XHWDO0RVKHUHWDO,QFRQWUDVWFXUUHQWUHVHDUFKLQWRWKHXVHRI
SXUHPHWDOVLQ6/0KDVEHHQVXFFHVVIXOIRUWLWDQLXPFRSSHUJROGDQGPDJQHVLXPV\VWHPVDVGLVFXVVHGE\%HFNHU
DQG:LVVHQEDFK&KXQJ1JHWDO'*XHWDO''*XHWDODQG.KDQDQG'LFNHQV
7KHSXUSRVHRIWKHSUHVHQWXQGHUWDNLQJLVWRGHPRQVWUDWHDQDSSURDFKWR$0SURFHVVLQJRIPHWDODOOR\VE\
SURFHVVLQJHOHPHQWDOSRZGHUVIROORZHGE\KRPRJHQL]DWLRQSRVWSURFHVVLQJ
0HWKRGRORJ\
7RSURFHVVRIIHXWHFWLFPHWDOVDQHOHPHQWDOPL[WXUHRIDOXPLQXPDQGVLOLFRQSRZGHUVZDVXWLOL]HGWRPLPLFWKH
ILQDO FRPSRVLWLRQ RI$$ 7KH XVH RIPDJQHVLXP RUPDJQHVLXP VLOLFLGH SRZGHUZDV DYRLGHG LQ WKLV LQLWLDO
DQDO\VLVGXHWRVDIHW\FRQFHUQVDQGWKHVLJQLILFDQWO\UHGXFHGHIIHFWPDJQHVLXPKDVRQDOOR\PHOWUDQJH.DW
ZW0JFRPSDUHG WR VLOLFRQ.DWZW6L:KLOHDOXPLQXPDOOR\VGRVKRZKLJKVROLGLILFDWLRQFUDFN
VHQVLWLYLW\WRWKHDGGLWLRQRIFRSSHUWKHFRQFHQWUDWLRQRIFRSSHULQ$$LVUHODWLYHO\ORZ)XUWKHUPRUHWKHKLJK
FRROLQJ UDWHV VDVVRFLDWHGZLWK 6/0 GR QRW DOOR\ IRU FRPSOHWH DOOR\LQJPLQLPL]LQJ WKH LPSDFW RI FRSSHU 7KXV
VLOLFRQZDVSUHGLFWHGWRKDYHWKHKLJKHVWLPSDFWRQVROLGLILFDWLRQFUDFNLQJDQGVHOHFWHGDVWKHILUVWDOOR\LQJHOHPHQW
IRUVWXG\'XHWRWKHUHODWLYHO\KLJKPHOWLQJSRLQWRIVLOLFRQFRPSDUHGWRDOXPLQXPORZEXLOGFKDPEHUWHPSHUDWXUH
DQG WKHVKRUW WKHUPDOF\FOHGXULQJ WKH ODVHUVFDQ WKHVLOLFRQLVEHOLHYHG WR UHPDLQ LQ WKHVROLGVWDWHZLWKRXW ORQJ
UDQJH GLIIXVLRQ LQWR WKH VXUURXQGLQJ DOXPLQXP7KXV WKH DOXPLQXPPHOWV DQG HQFDSVXODWHV WKH VLOLFRQSDUWLFOHV
3RVW6/0KRPRJHQL]DWLRQWUHDWPHQWZRXOGWKHQKDYHWKHGXDODGYDQWDJHRIUHOLHYLQJUHVLGXDOVWUHVVDQGGLVVROYLQJ
WKHVLOLFRQWKURXJKRXWWKHDOXPLQXPPDWUL[6LQFHDQ\SXUHPHWDOPHOWVFRQJUXHQWO\WKHFKDOOHQJHVDVVRFLDWHGZLWK
KRWWHDULQJGXHWRVROLGLILFDWLRQLQWKHPXVK\]RQHLVQHJDWHG7KHUHE\WKHPDMRULVVXHSUHVHQWHGE\K\SRHXWHFWLF
DOOR\VGXULQJ$0SRZGHUEHGSURFHVVLQJPD\EHRYHUFRPH
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7R EHWWHU XQGHUVWDQG FRQGLWLRQV WKDW UHVXOW LQ VROLGLILFDWLRQ FUDFNV DQG WR GHWHUPLQH WKH HIIHFW RI SURFHVVLQJ
SDUDPHWHUVRQFUDFNIRUPDWLRQDQLQLWLDOEXLOGZDVFRQGXFWHGXWLOL]LQJSUHDOOR\HG$$6XEVHTXHQWO\GXULQJ
WKH ILUVW EXLOG VWDJH XWLOL]LQJ DQ HOHPHQWDO PL[WXUH GLVVROXWLRQ RI WKH VLOLFRQ LQWR WKH DOXPLQXP PDWUL[ ZDV RI
SULPDU\ FRQFHUQ 7R DVVHVV WKH IHDVLELOLW\ RI WKLV DSSURDFK D SRZGHU PL[WXUH ZDV SUHSDUHG ZLWK  VLOLFRQ
SRZGHU DQG  DOXPLQXPSRZGHU ,WZDV SURFHVVHG XVLQJ 6/0 DQG WKHQ SRVWSURFHVVHG WR GLVVRFLDWH WKH 6L
SKDVH
2.1. Feedstock powders 
,QLWLDO IHHGVWRFN IRU WKHHOHPHQWDOSRZGHU VWXG\ZDV PHVKDOXPLQXPDQGVLOLFRQSRZGHU7KHDOXPLQXP
IHHGVWRFNZDVREWDLQHGIURP9DOHPHWDQGFRQVLVWHGRIKLJKO\VSKHULFDODWRPL]HGSRZGHUZLWKDPLQLPXPSXULW\RI
DVVHHQLQ)LJD7KHVLOLFRQSRZGHUREWDLQHGIURP$OID$HVDUZLWKDSXULW\RIH[KLELWHGDKLJKO\
IDFHWHGVXUIDFHVWUXFWXUHZKLFKDPHDQSDUWLFOHVL]HRIDSSUR[LPDWHO\ȝPVKRZQLQ)LJE7KHSRZGHUVZHUH
FRPELQHGLQWKHZHLJKWIUDFWLRQRI$O6LDQGWKHQPL[HGRQPHGLXPVSHHGIRUKRXUVXWLOL]LQJD86
6WRQHZDUH&90EDOOPLOOZLWKQRDGGLWLRQDOPHGLD7KHSDUWLFOHVL]HGLVWULEXWLRQ36'IRUWKHPL[HGSRZGHU
)LJ6HFRQGDU\HOHFWURQLPDJHVRIDDOXPLQXPSRZGHUVRXUFHGIURP9DOLPHWVKRZLQJQHDUO\VSKHULFDOPRUSKRORJ\DQGEILQHVLOLFRQ
SRZGHUFKDUDFWHUL]HGE\IDFHWHGVXUIDFHV
D E
)LJ6KHDUFHOOWHVWLQJUHVXOWVFRPSDULQJWKHHOHPHQWDOPL[WXUHWRFRPPHUFLDOO\DYDLODEOHDGGLWLYHPDQXIDFWXULQJIHHGVWRFN
912   Christopher E. Roberts et al. /  Physics Procedia  83 ( 2016 )  909 – 917 
DQGFRPSDULVRQIHHGVWRFNVZHUHDQDO\]HGXVLQJD0LFUR7UDF6ZLWKDYROXPHWULFPHDQSDUWLFOHVL]HRI
ȝP DQG D VWDQGDUG GHYLDWLRQ RI  ȝP 6KHDU FHOO DQDO\VLV XVLQJ D )7 3RZGHU 5KRPHWHU LQGLFDWHG JRRG
FRPSDULVRQWRFRPPHUFLDOO\DYDLODEOHDGGLWLYHPDQXIDFWXULQJSRZGHUVDVVKRZQLQ)LJXUH

2.2. Materials processing 
$OOVDPSOHVZHUHSURFHVVHGDW6WUDWDV\V'LUHFW0DQXIDFWXULQJ6'0%HOWRQ7;86$XVLQJDQ(26,170
SRZGHUEHGIXVLRQPDFKLQHDWDEXLOGWHPSHUDWXUHRI&7KHPD[LPXPODVHUSRZHURXWSXWIURPWKH0ZDV
:6DPSOHVZHUHSUHSDUHGLQWHVWFXEHVDVVKRZQLQ)LJXUH7KLVVTXDUHVROLGJHRPHWU\PPE\PPE\
PPDOORZVXSWRIRXUVDPSOHVWREHSODFHGLQDVWDQGDUGPPGLDPHWHUPHWDOORJUDSKLFSROLVKLQJSXFN*LYHQ
WKLVJHRPHWU\DQGWKHSDUDPHWHUVXVHGHDFKVDPSOHFRQVLVWVRIDSSUR[LPDWHO\EXLOGOD\HUVDQGEHWZHHQ
VFDQWUDFNVSHUOD\HU
7KHLQLWLDOEXLOGXWLOL]HG$$SUHDOOR\HGSRZGHU6LQFHWKHSULPDU\LQWHUHVWRIWKLVEXLOGZDVWRGHWHUPLQH
WKHHIIHFWVRIODVHUSRZHUVFDQVSHHGDQGVFDQVSDFLQJRQWKHDVEXLOWPLFURVWUXFWXUHDODUJHVSUHDGRISURFHVVLQJ
SDUDPHWHUVZDV HPSOR\HG EDVHG XSRQ HIIHFWLYH HQHUJ\ GHQVLW\ DQG WKHUPDO SURSHUWLHV RI$$ (DFK DVEXLOW
VDPSOHZDV UDQNHGEDVHGXSRQVXUIDFHILQLVKSRURVLW\DQGFUDFNGHQVLW\)URPWKLVGDWDVHWDSDUDPHWHUPDWUL[
FRQVLVWLQJRISDUDPHWHUVHWVVKRZQLQ7DEOHZDVGHYHORSHGIRU WKHEXLOGXWLOL]LQJ WKHHOHPHQWDOPL[WXUHRI
DOXPLQXPDQGVLOLFRQ$FRUUHFWLRQXWLOL]LQJGDWDIURP+<+XQVLFNHU/)0RQGROIRZDVPDGHIRU WKH
LQFUHDVHGPHOWLQJ WHPSHUDWXUHRI WKHSXUHDOXPLQXP&DVFRPSDUHG WR WKHPHOWLQJ WHPSHUDWXUHRI$$
& UHVXOWLQJ LQ DQ LQFUHDVH RI WKH DYHUDJH HQHUJ\ LQSXW E\  FRPSDUHG WR WKH $$ UHVXOWV
$GGLWLRQDOVDPSOHVZHUHFUHDWHGXWLOL]LQJH[SDQGHGSDUDPHWHUVEDVHGRQWKHRSWLPDO$$UHVXOWV
2.3. Sample preparation 
$IWHU6/0$0SURFHVVLQJHDFKVDPSOHZDVVHFWLRQHGRQDORZVSHHGGLDPRQGVDZFOHDQHGZLWKZDUPZDWHU
DQGHWK\ODOFRKROWKHQSODFHGLQDPPGLDPHWHUPRXQWDQGHQFDSVXODWHGLQHSR[\(DFKVDPSOHZDVJURXQG
DQGSROLVKHGXVLQJDQDXWRPDWHGURWDU\SROLVKHULQWKHIROORZLQJVHTXHQFHDQGJULW6L&SDSHULPPHUVHG
7DEOH$0SDUDPHWHUVHWIRUWKH$O6L(OHPHQWDO3RZGHU6/05XQ
6DPSOH
1XPEHU
%HDP
3RZHU
:
6FDQ6SHHG
PPV
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(QHUJ\
-FP
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   
   
   
   
   
   
   
   
   
   
   
   
   

)LJ6DPSOHJHRPHWU\IRU$$DQG$O6L$0EXLOGV'LPHQVLRQV
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LQZDWHUIROORZHGE\PPPPDQGPPGLDPRQGVXVSHQVLRQ6HOHFWHGVDPSOHVWKHQXQGHUZHQWILQDOSROLVKLQJ
XWLOL]LQJDPPFROORLGDOVLOLFDVROXWLRQ
+HDWWUHDWPHQWZDVQHFHVVDU\WRSURPRWHGLIIXVLRQRIWKHVLOLFRQWKURXJKRXWWKHDOXPLQXPPDWUL[6ROXWLRQL]LQJ
WLPHVZHUHHVWLPDWHGXVLQJUDQGRPZDONDQDO\VLVUHVXOWLQJLQDSSUR[LPDWHO\PLQXWHGLIIXVLRQWLPH7RHQVXUH
FRPSOHWH GLVVROXWLRQ VDPSOHV ZHUH KHDW WUHDWHG LQ D IXUQDFH DW & IRU DSSUR[LPDWHO\  KRXU 7R UHGXFH
FRPSOH[LW\DQGFRVWDQ LQHUWHQYLURQPHQWZDVQRWXWLOL]HGDV WKHVROXWLRQL]LQJ WLPHZDVVPDOO WKHUHE\ LQKLELWLQJ
ORQJUDQJHGLIIXVLRQRIR[\JHQUHVXOWLQJLQRQO\DWKLQVXUIDFHR[LGHOD\HU+HDWWUHDWHGVDPSOHVZHUHVHFWLRQHGDQG
SROLVKHGXVLQJWKHVDPHSURFHGXUHGHVFULEHGDERYH
2.4. Analysis 
$UDQJHRIWHFKQLTXHVZHUHXWLOL]HGWRDQDO\]HWKHVDPSOHV3ULRUWRVHFWLRQLQJDQGSROLVKLQJLPDJHVZHUHWDNHQ
RIWKHWRSVXUIDFHVXVLQJD-(2/-60VFDQQLQJHOHFWURQPLFURVFRSH(DFKVDPSOHZDVTXDOLWDWLYHO\UDQNHGRQ
VXUIDFH URXJKQHVVDQGFUDFNGHQVLW\ZKLOHDQ\DSSDUHQWSRURVLW\ZDVQRWHG$IWHUFURVVVHFWLRQLQJDQGSROLVKLQJ
HDFKVDPSOHZDV LPDJHGXVLQJD1LNRQ(FOLSVH0(RSWLFDOPLFURVFRSHZLWKEULJKWDQGGDUN ILHOG LPDJLQJ WR
LQYHVWLJDWHWKHSUHVHQFHRIFUDFNVDQGLQWHUQDOSRURVLW\6(0LPDJLQJZDVDOVRSHUIRUPHGRQFHUWDLQFURVVVHFWLRQHG
VDPSOHV WR GHWHUPLQH ORFDWLRQV RI VLOLFRQ SDUWLFOHV DQG DQ\ DGGLWLRQDO SRURVLW\ QRW VHHQ GXULQJ RSWLFDO DQDO\VLV
(QHUJ\GLVSHUVLYH;UD\ VSHFWURVFRS\ ('6ZDV SHUIRUPHG WR GHWHUPLQH VLOLFRQ SDUWLFOH VSDWLDO GLVWULEXWLRQ DQG
VL]HRQERWKDVEXLOWDQGKHDW WUHDWHGVDPSOHV6DPSOHDUHDVZHUHVFDQQHGIRUDSSUR[LPDWHO\PLQXWHV IRUGDWD
JDWKHULQJ
5HVXOWVDQG'LVFXVVLRQ
3.1. Aluminum 6061 pre-alloyed feedstock 
6/0VDPSOHVRISUHDOOR\HG$$ZLWKRXWSRVWSURFHVVLQJVKRZHGHYLGHQFHRIVHYHUHFUDFNLQJWKURXJKRXW
6FDQVSDFLQJZDVVHHQ WRKDYH OLWWOHHIIHFWRQ ILQDOSURSHUWLHVKRZHYHUDVH[SHFWHG ODVHUSRZHUDQGVFDQVSHHG
ZHUH VHHQ WR KDYH D JUHDW HIIHFW RQ WKH LQLWLDO VSHFLPHQ TXDOLW\0RGHUDWH ODVHU SRZHU DQG VFDQ VSHHG \LHOGHG
VDPSOHVZLWKRSWLPDOUHVXOWV8SRQPHWDOORJUDSKLFDQDO\VLVERWKDYHUDJHYRLGVL]HDQGFUDFNGHQVLW\ZHUHJUHDWO\
UHGXFHG LQ WKHUHJLRQHQFRPSDVVLQJDSSUR[LPDWHO\PPDERYHWKHVXSSRUWVWUXFWXUHVDVVKRZQLQ)LJD
/DUJHWKHUPDOJUDGLHQWVDUHEHOLHYHGWRKDYHFRQWULEXWHGWRFUDFNIRUPDWLRQ)RUWKHILUVWȝPRIKHLJKWWKHUHLV
UHODWLYHO\VORZFRROLQJGXHWRWKHSRRUWKHUPDOFRQGXFWLYLW\RIWKHVXSSRUWLQJSRZGHUDQGVSDUVHVXSSRUWVWUXFWXUH
)LJD2SWLFDOPLFURVFRSHLPDJHRI6/0SURFHVVHG$$:PPVPPVFDQVSDFLQJVKRZLQJHYLGHQFHRI
VROLGLILFDWLRQFUDFNLQJVWDUWLQJDSSUR[LPDWHO\PPDERYHWKHVXSSRUWVWUXFWXUH³%'´LVWKHEXLOG=GLUHFWLRQE6(0LPDJHRIGDUN
SRROVUHVXOWLQJIURPWKHVHJUHJDWLRQRIPDJQHVLXP
D E
914   Christopher E. Roberts et al. /  Physics Procedia  83 ( 2016 )  909 – 917 
$V WKH VROLG SDUW KHLJKW LQFUHDVHV WKH FDSDFLW\ RI WKH XQGHUO\LQJ PDWHULDO WR H[WUDFW KHDW IURP WKH PHOW SRRO
LQFUHDVHVUHVXOWLQJLQVWHHSHUWKHUPDOJUDGLHQWVDQGODUJHUWKHUPDOVWUHVVHV
$Q XQH[SHFWHG ILQGLQJ ZDV GDUN SRROV REVHUYHG RQ VSHFLPHQ VXUIDFHV VKRZQ LQ )LJ  E ('6 DQDO\VLV
LQGLFDWHG WKDW WKHSRROVZHUHDVVRFLDWHGZLWKDQ LQFUHDVH LQPDJQHVLXPFDUERQDQGR[\JHQFRQWHQW7KLV LVDOVR
VXJJHVWHGE\WKHGDUNVKDGLQJVKRZQLQWKHVHFRQGDU\HOHFWURQLPDJHVZKLFKDOZD\VKDYHDEDFNVFDWWHUHOHFWURQ
FRPSRQHQW ZKHUH ORZHU DWRPLF QXPEHU HOHPHQWV 0J VKRZ XS DV GDUN UHJLRQV FRPSDUHG WR WKH QHLJKERULQJ
HOHPHQWV $O 6HJUHJDWLRQ RI PDJQHVLXP LV OLNHO\ FDXVHG E\ HLWKHU WKH UHODWLYHO\ ORZ GHQVLW\ RI PDJQHVLXP
FRPSDUHGWRDOXPLQXPUHVXOWLQJLQEXR\DQF\GULYHQIORZVHJUHJDWLRQGULYHQIORZLQWKHPXVK\]RQHGXHWRQRQ
HTXLOLEULXPVROLGLILFDWLRQ0DUDQJRQLIORZUHODWHGSKHQRPHQDRUVRPHFRPELQDWLRQRIWKHDERYH2IWHQWKHVHSRROV
ZHUHVHHQQHDUFUDFNIRUPDWLRQRURQWKHLQVLGHRIWKHFUDFNLWVHOI)XUWKHUPRUHDGHFUHDVHLQPDJQHVLXPSRROVL]H
DWKLJKODVHUSRZHUZDVREVHUYHG/DVHUZHOGLQJUHVHDUFKVXJJHVWVWKDWKLJKSRZHUOHYHOVFDXVHWKHYDSRUL]DWLRQRI
PDJQHVLXPIURPWKHPHOWSRROZKLFKFRXOGUHVXOWLQGHFUHDVLQJSRROVL]H
3.2. Aluminum-silicon elemental mixture 
$VH[SHFWHGWKHDVSURFHVVHGEOHQGHG$O6LVSHFLPHQVYDULHGJUHDWO\LQERWKVXUIDFHILQLVKDQGIXVLRQGHIHFWV
:KLOHEHVWVXUIDFHILQLVKZDVSUHVHQWDWKLJKODVHUSRZHUDQGVORZVFDQVSHHGV6(0LPDJLQJVKRZHGWKHSUHVHQFH
RI GHIHFWV HVSHFLDOO\ QHDU WKH VDPSOH QXPEHU HPERVVHG RQ WKH VXUIDFH 7KHUHIRUH PRGHUDWH ODVHU SRZHU DQG
PHGLXP WR KLJK VFDQ VSHHG VLPLODU WR WKDW REWDLQHG IRU WKH EHVW $$ VSHFLPHQV GHPRQVWUDWHG RSWLPDO
SURSHUWLHV UHVXOWLQJ LQ WZR RI WKH VDPSOHV KDYLQJ UHODWLYHO\ ORZ VXUIDFH GHIHFW GHQVLW\ DW WKH FRVW RI D VOLJKWO\
URXJKHUVXUIDFHILQLVKDVVKRZQLQ)LJD
2SWLFDODQDO\VLVRIWKHVDPSOHVUHYHDOHGDZLGHUDQJHRISRURVLW\DVVKRZQLQ)LJEDQG)LJF0DQ\VDPSOHV
VKRZHG SRURVLW\ HPDQDWLQJ IURP WKH VXSSRUW VWUXFWXUHV LQ VWUDLJKW OLQHV ZKLFK ZRXOG WKHQ EH FURVVHG E\ D
SHUSHQGLFXODUOLQHRISRURVLW\RIVLPLODUVL]HDVHYLGHQWLQVDPSOHVKRZQLQ)LJE7KLVSKHQRPHQRQLVEHOLHYHG
WREHDUHVXOWRISURFHVVLQJFRQGLWLRQVDQGQRWPDWHULDOGHSHQGHQWSRURVLW\UHODWHGWRWKHSDUDPHWHUVLQTXHVWLRQ
+RZHYHUDOOVDPSOHVVKRZHGDVLJQLILFDQWLPSURYHPHQWLQFUDFNIRUPDWLRQDQGJURZWKFRPSDUHGWR$$DV
LOOXVWUDWHGE\)LJ$QHOHPHQWDOPL[WXUHVKRXOGEHKDYHPXFKOLNHWKDWRIWKHSULPDU\FRPSRQHQWDVORQJDOORWKHU
FRQVWLWXHQWVDUHUHODWLYHO\GLOXWH7KXVXQOLNHWKHSUHDOOR\HG$$IHHGVWRFNWKHHOHPHQWDOPL[WXUHZLOOH[KLELW
QHDUO\FRQJUXHQWPHOWLQJ UHVXOWLQJ LQD IUHH]LQJSRLQW LQVWHDGRID IUHH]LQJ]RQH 7KHUHIRUH WKHUPDO VWUHVVHVDUH
PLQLPL]HGDQGKRWWHDULQJLVDYRLGHG7KLVLVHYLGHQFHGE\WKHODFNRIVROLGLILFDWLRQFUDFNLQJVHHQLQWKHVDPSOHV
SURGXFHGIURPWKHHOHPHQWDOPL[WXUH7KHPRUSKRORJ\RIWKHGHIHFWVWKDWGLGDSSHDUVXJJHVWHGWKDWWKHFUHDWLRQRI
WKH GHIHFWZDV GXH WR LQDGHTXDWH IXVLRQ RI WKH SRZGHUZKLFK UHVXOWHG LQ FUDFNV WKDW IROORZHG WKH RXWOLQH RI WKH
SDUWLFOH ERXQGDULHV XSRQ FRROLQJ YHUVXV KRW WHDULQJZKHUH WHQGULOV SDUWLDOO\ EULGJHG WKH FUDFN LQGLFDWLQJ WKDW WKH
FUDFNIRUPHGZKLOHWKHPDWHULDOUHPDLQHGLQWKHPXVK\VWDWH



)LJD6XUIDFHRIHOHPHQWDO$O6L6SHFLPHQ:PPVLQGLFDWLQJPLQLPDOVXUIDFHFUDFNLQJRUSRURVLW\E6DPSOH
:PPV/DUJHSRURXVYRLGVDUHYLVLEOHDORQJZLWKOLQHVRIVPDOOHUSRURVLW\HPDQDWLQJIURPWKHVXSSRUWVWUXFWXUHOHJVF6DPSOH
:PPVVKRZHGVLJQLILFDQWO\OHVVSRURVLW\OHDGLQJWRDQDFFHSWDEOHGHQVLW\
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,W LV K\SRWKHVL]HG WKDW WKH VLOLFRQ UHPDLQV LQ WKH VROLG VWDWH WKURXJKRXW WKH 6/0SURFHVVLQJ RI WKH HOHPHQWDO
PL[WXUHGXH WR LWV UHODWLYHO\KLJKPHOWLQJSRLQWDQG6/0¶VVKRUW WKHUPDOF\FOLQJ WLPHV7KHUHIRUH6LSDUWLFOHVRI
VLPLODUVL]HDQGVKDSHDVWKHIHHGVWRFNVKRXOGEHSUHVHQWLQWKHDVEXLOWVDPSOHVDQGVKRXOGEHGLVSHUVHGLQDQHDUO\
KRPRJHQHRXVGLVWULEXWLRQ7KHIHHGVWRFNFRQVLVWHGRIKLJKO\IDFHWHGVLOLFRQSDUWLFOHVZKLFKKDGDVL]HGLVWULEXWLRQ
RIDSSUR[LPDWHO\PPLQGLDPHWHUZLWKDW\SLFDOSDUWLFOHSRVVHVVLQJDPDMRUD[LVOHQJWKRIDSSUR[LPDWHO\PP
7RGHWHUPLQH WKH VLOLFRQ GLVWULEXWLRQ LQ WKH DVEXLOW VDPSOHV('6ZDV SHUIRUPHG RQ6DPSOH  6LOLFRQ SDUWLFOHV
ZLWKLQWKHLPDJHZHUHWKHQPDJQLILHGDQGH[SRVHGDJDLQWRGHWHUPLQHWKHVL]HRIWKHSDUWLFOH$VVKRZQLQ)LJ
VLOLFRQSDUWLFOHVH[KLELWHGWKHSUHGLFWHGPRUSKRORJ\ERWKKLJKO\IDFHWHGDQGDSSUR[LPDWHO\PPLQOHQJWKDORQJ
WKHPDMRUD[LV7KLVVXJJHVWVWKDWWKHVLOLFRQSDUWLFOHVUHPDLQHGVROLGZLWKLQWKHPHOWSRROGXULQJ6/0XQGHUJRLQJ
PLQLPDOGLVVROXWLRQLQWRWKHVXUURXQGLQJDOXPLQXPPDWUL[0HOWLQJUHPDLQHGFRQJUXHQWDQGFRULQJZDVPLQLPL]HG
DVWKHPHOWSRROFRQVLVWHGPDLQO\RISXUHDOXPLQXPZLWKWUDFHLPSXULWLHV
$IWHUKHDW WUHDWPHQW WKHUHZDVDVLJQLILFDQWGHUHDVH LQ WKHREVHUYHGQXPEHURIVLOLFRQSDUWLFOHV WKURXJKRXW WKH
DOXPLQXPPDWUL[DVVKRZQLQ)LJ+RZHYHUWKHUHUHPDLQHGDIHZVPDOOSDUWLFOHVLQVHYHUDOLPDJHV,WLVWKRXJKW
WKDW WKHVH SDUWLFOHV UHSUHVHQWHG WKH XSSHU UDQJH RI WKH SDUWLFOH VL]H GLVWULEXWLRQ RI WKH VLOLFRQ SDUWLFOHV 7KHVH
SDUWLFOHV UHGXFHG LQ VL]H GXULQJ WKH SRVWSURFHVVLQJ VROXWLRQL]LQJ DQQHDO EXW GLG QRW FRPSOHWHO\ GLVVROYH GXH WR
LQDGHTXDWH WLPH KU DW WHPSHUDWXUH  & $ ORQJHU VROXWLRQL]LQJ WLPH ZRXOG IXUWKHU UHGXFH WKHLU VL]H DQG
HYHQWXDOO\UHVXOWLQFRPSOHWHGLVVROXWLRQ7KHVROXWLRQL]LQJWLPHZDVNHSWWRDPLQLPXPLQWKLVVWXG\WRUHGXFHWKH
R[LGDWLRQRIWKHVXUIDFHRIWKHSDUW%\VROXWLRQL]LQJWKHVDPSOHLQDIXUQDFHRSHQWRWKHDLUFRVWDQGFRPSOH[LW\DUH
UHGXFHGOHDGLQJWRDPRUHHFRQRPLFDOO\YLDEOHSURFHVV
)LJ6(0LPDJHDDQGDVVRFLDWHG('66LHOHPHQWDOPDSELOOXVWUDWLQJWKHVLOLFRQSDUWLFOHORFDWLRQ7KHODUJHURIWKHWZRVLOLFRQ
SDUWLFOHVVKRZQLQWKHLPDJHPHDVXUHGȝPDORQJWKHPDMRUD[LV6LOLFRQULFKUHJLRQVDSSHDUDVGDUNIHDWXUHV
D E
D E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D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&RQFOXVLRQ
(OHPHQWDO PL[WXUHV VKRZ SURPLVH LQ HOLPLQDWLQJ VROLGLILFDWLRQ FUDFNLQJ LQ RIIHXWHFWLF DOOR\V $Q DOXPLQXP
VLOLFRQPL[WXUHZDVSURFHVVHGDQGVKRZQWRIRUPDQDOOR\DIWHUKHDWWUHDWPHQW2SWLPDOSURFHVVLQJFRQGLWLRQVZHUH
VKRZQ WR RFFXU DW PRGHUDWH ODVHU SRZHU DQG VFDQ VSHHG +RZHYHU UHVHDUFK LQWR WKH DGGLWLRQ RI RWKHU DOOR\LQJ
HOHPHQWVLVQHHGHGDVZHOODVDEHWWHUXQGHUVWDQGLQJRIWKHUHVXOWLQJPLFURVWUXFWXUHLQWKHDVSURFHVVHGPDWHULDODQG
WKHSRVWKHDWWUHDWHGVDPSOH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQN%HQ)XOFKHU6WUDWDV\V'LUHFW0DQXIDFWXULQJIRU6/0SURFHVVLQJWKHPDWHULDOV
SDUWLFOHVL]HGHQVLW\DQDO\VLVDQGVKHDUFHOOWHVWLQJ
5HIHUHQFHV
$60$OOR\'LJHVW$OOR\'LJHVW$60,QWHUQDWLRQDO2UDQJH1-
%HFNHU':LVVHQEDFK.$GGLWLYH0DQXIDFWXULQJRI&RSSHU&RPSRQHQWVZLWK6HOHFWLYH/DVHU0HOWLQJ)UDXQKRIHU,/7$QQXDO5HSRUW
$DFKHQ*HUPDQ\
%HQMDPLQ )$ /HLJK '. :DWW 7-  &RPSDULVRQ RI $O6L0J DQG $O  3URFHVVHG 7KURXJK '0/6 ,Q 6)) 6\PSRVLXP
3URFHHGLQJV$XVWLQ
%RXUHOO'//HX0&5RVHQ':5RDGPDSIRU$GGLWLYH0DQXIDFWXULQJ,GHQWLI\LQJWKH)XWXUHRI)UHHIRUP3URFHVVLQJ8QLYHUVLW\
RI7H[DV/DEIRU)UHHIRUP)DEULFDWLRQ
&KXQJ1J&6DYDODQL0&KXQJ0DQ+)DEULFDWLRQRIPDJQHVLXPXVLQJVHOHFWLYH ODVHUPHOWLQJ WHFKQLTXH5DSLG3URWRW\S-
±
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HYROXWLRQDQGZHDUSHUIRUPDQFHRIVHOHFWLYHODVHUPHOWLQJSURFHVVHGFRPPHUFLDOO\SXUHWLWDQLXP$FWD0DWHU±
*X''0HLQHUV::LVVHQEDFK. 3RSUDZH5  /DVHU DGGLWLYHPDQXIDFWXULQJ RIPHWDOOLF FRPSRQHQWVPDWHULDOV SURFHVVHV DQG
PHFKDQLVPV,QW0DWHU5HY±
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